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Introduction
The extracranial internal carotid artery (ICA) begins as an extension of the common carotid artery (CCA). It runs in the parapharyngeal space in an S-shaped course, then bends medially and heads toward the external opening of the carotid channel on the temporal bone. The distance from the ICA to the palatine tonsil has a mean value of 10-20 mm posteriorly,whereas it is 23.5 mm from the Eustachian tube (ET). 1, 2 Cases of ICA incision during tonsillectomy and adenoidectomy followed by a severe hemorrhage have been reported in the literature. [3] [4] [5] Although many anatomical variations of this artery have already been described, only a few applicable and accurate pieces of information about the topography of the ICA have been provided. 2, [6] [7] [8] [9] [10] [11] [12] The aim of our study was to assess the distances between the ICA and the pharyngeal wall as well as to define their correlation with sex.
Material and methods
The presented work is a retrospective study, based on the computed tomography angiography (angio-CT) scans (0.625 mm resolution) of 97 patients ( Table 1) performed between January 2013 and January 2015 in the Jan MikuliczRadecki University Teaching Hospital in Wrocław, Poland.
The scans were obtained with a LightSpeed VCT 64-slice CT scanner (GE Healthcare, Milwaukee, USA). The examined area covered the whole neck from the upper thorax to the base of the skull.
In all cases, the slice thickness was 0.67 mm, the pitch amounted to 0.9 and the average gantry rotation time was 0.5 s. The contrast agent bolus was administered using an automatic syringe. Vascular access was obtained with an 18G or 20G needle inserted into the ulnar vein. The volume of iodinated contrast agent ranged from 60 to 90 mL. The rate of contrast agent administration was 4.0-4.5 mL/s. Contrast medium administration was followed by an injection of 40 mL of physiological salt solution. Automatic bolus tracking was performed in all cases, with a peak enhancement of 150 HU; scanning was automatically initiated after that. The obtained scans were analyzed using a dedicated workstation (AW4.4; GE Healthcare). Image postprocessing techniques involved 2-and 3-dimensional reconstructions (Maximum Intensity Projection -MIP; Volume Rendering -VR).
The following distances were measured: -the distance between the ICA ambit and the deepest visible point of the Eustachian Tube (ET) opening (Fig. 1); -the distance between the ICA ambit and the pharyngeal wall at the level of the lower margin of the 2 nd cervical vertebra (C2) (Fig. 2) ; -the distance between the ICA ambit and the pharyngeal wall at the level of the epiglottis apex (Fig. 3) ; and Group X -people with the common carotid artery bifurcation on the level of the epiglottis apex; SD -standard deviation. ET -Eustachian tube; ICA -extracranial internal carotid artery. C2 -2 nd cervical vertebra; ICA -extracranial internal carotid artery.
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-the distance between the CCA bifurcation and the lower margin of the 2 nd C2 (Fig. 4 ). Scans with a motion artifact, with masses that could cause dislocation of the artery or with damage to the facial bones were excluded. Only scans of good and very good opacification of the ICA were analyzed.
The values were compared using 1-tailed Student's t-test for independent variables and a comparison of expected values for dependent pairs of observations.
Results
The shortest distance found between the ICA and the pharyngeal wall was 1.1 mm (Fig. 5) .
In 11 arteries, the closest distance to the pharyngeal wall along the whole course of the artery was found at Rosenmüller's fossa (mean: 3.74 ±1.2 mm; min: 1.4 mm) (Fig. 6 ).
The pharynx levels
The ICA is closer to the pharyngeal wall at the level of the epiglottis apex (16.46 ±0.89 mm) than to the ET (19.8 ±0.62 mm) (p < 0.0005) in both genders (Table 2 ). In women, the ICA is closer to the ET (19.49 ±0.78 mm) than in men (20.17 ±0.49 mm) (p = 0.04) ( Table 2 ).
The side of the neck
In women, at the level of the lower margin of the C2, the distance between the ICA and the pharyngeal wall was shorter on the right side (17.6 ±1.8 mm) than on the left side (20.7 ±1.7 mm) (p = 0.002) ( Table 3 ). In women, at the level of the epiglottis apex, the distance between the ICA and the pharyngeal wall was shorter on the right side (15.2 ±1.7 mm) than on the left side (17.4 ±1.4 mm) (p = 0.028) ( Table 3 ). The minimal distance of the ICA to the pharyngeal wall along its whole course between the epiglottis apex and the ET was smaller in women on the right side (10.55 ±1.5 mm) than on the left side (13.3 ±1.9 mm) (p = 0.015) ( Table 3) . Men showed no asymmetry in any measurements.
The common carotid artery bifurcation
The bifurcation of the CCA is located closer to the C2 lower margin in men (19.48 ±1.12 mm) than in women (21.82 ±1.02 mm) (p < 0.001) ( Table 4 ). In men, the higher the CCA bifurcation is, the closer the ICA is to the pharyngeal wall at the level of the C2 lower margin (p = 0.003) ( Table 4) .
Group X
We found 12 patients (group X: 8 men and 4 women; mean age: 48.7 ±8.5 years) who had the CCA bifurcation at the level of the epiglottis. In group X, the distance between the ICA and the pharyngeal wall at the level of the epiglottis apex was significantly lower (12.29 ±1.68 mm) than in the rest of our study group (16.54 ±0.98 mm) (p = 0.005).
Discussion
The difference between genders
The ICA was closer to the ET in the case of women (p = 0.04), although at any other level of the pharynx, no such dissimilarity between genders was found. The ET is located near the entrance of the ICA into the external opening of the carotid artery canal in the temporal bone. As the female skull is smaller than the male one, the position Group X -people with the common carotid artery bifurcation on the level of the epiglottis apex; C2 -2 nd cervical vertebrae; ET -Eustachian tube; ICA -extracranial internal carotid artery; SD -standard deviation. Group X -people with the CCA bifurcation at the level of the epiglottis apex; CCA -common carotid artery; C2 -2 nd cervical vertebra; SD -standard deviation; *15 mm above the C2 lower margin.
of the canal may cause moving of the ICA closer to the medial line of the body, and therefore shortening of its distance to the pharyngeal wall. 13 In the middle course of the ICA, where no difference between genders was revealed, the impact of the muscle mass and tension is diverse.
Bergin et al. reported that the distance between the ICA and the ET was shorter in women, which is in line with our study. 2 However, Jun et al. reported that at all levels of the pharynx, the distances from the ICA to the pharyngeal wall were shorter in women.
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Asymmetry
The distance of the ICA to the pharyngeal wall at the C2 level (p = 0.002), at the level of the epiglottis apex (p = 0.028), and the minimal distance in the course between the epiglottis apex and the ET (p = 0.015) are all shorter on the right side for women. An analysis of the CCA origin on both sides may provide an explanation for this difference. The right CCA starts in the bifurcation of the brachiocephalic trunk, whereas the left one begins at the aortic arch and runs in its pectoral part in an oblique direction and to the left. 1 The brachiocephalic trunk runs steeper than the aortic arch, and therefore allows the right CCA (and thus the right ICA) to branch closer to the medial line than the left ICA. The left CCA is also shifted toward the left side in its pectoral part due to the position of the heart. There is no difference between the left and the right distance between the ICA and the ET. We assume that this is caused by the symmetry of the external carotid canal openings in the skulls of both men and women, hence the artery is forced by their position to change its position in relation to the medial line, and thus to the pharyngeal wall. 14 Men presented no asymmetry in any of the abovementioned measurements.
The common carotid artery bifurcation
The CCA bifurcation is usually situated at the level of the upper part of the 4 th cervical vertebra (C4) or the lower part of the 3 rd cervical vertebra (C3). Less than 1% of people are thought to have the bifurcation at the level of the C2, although such cases have been reported in the literature. 1, 15, 16 One of the examined patients had the CCA bifurcation 15 mm above the C2 lower margin; therefore, only the CCA was present in the oropharynx.
According to our study, the CCA bifurcation is closer to the C2 lower margin in men (19.48 ±1.12 mm) than in women (21.82 ±1.02 mm) (p < 0.001).
In men, the higher the CCA bifurcation is, the closer the ICA is to the pharyngeal wall at the level of the C2 lower margin (p = 0.003).
In group X, the ICA was closer to the pharyngeal wall at the level of the epiglottis apex (12.29 ±1.68 mm) than in the rest of the study group (16.54 ±0.98 mm) (p = 0.005). This may be caused by the widening of the CCA in the area of the bifurcation. 17 The distance between the ICA and the pharyngeal wall at the level of the epiglottis apex is the most significant in reference to tonsillectomy, since it is very close to the level of the tonsillar fossa. If men are prone to having the CCA bifurcation higher than women, they are more exposed to the risk of fatal hemorrhage caused by an incision of the CCA. This danger is even more increased by the fact that if the ICA still does not branch at the level of the epiglottis apex, the CCA may be closer to the pharyngeal wall than the ICA would be at this level.
The levels of the pharynx
The ICA is closer to the pharyngeal wall at the level of the epiglottis apex than at the level of the ET (p < 0.0005). Therefore, only the measurements at the oropharynx can be taken into consideration while estimating the risk of arterial trauma during tonsillectomy, because the course of the ICA in the nasopharynx and oropharynx is divergent. Such reasoning can also be referred to the measurements made by Jun et al. 11 The mean minimal distances in that study were 17.1 ±4.1 mm at the nasopharynx, 15.8 ±4.6 mm at the oropharynx and 13.5 ±6 mm at the hypopharynx. Those distances decreased significantly downward (p < 0.0001). 18 However, Deutsch et al., who correlated the distance of the ICA to the ET with age and weight, formulated the conclusion that this parameter can be used to predict the distance from the tonsillar fossa to the ICA in children, whose anatomical relations in the nasopharynx are different than in adults. 10 We discovered 11 arteries in which the minimal distance was at a very deep Rosenmüller's fossa (RF) (mean: 3.74 ±1.2 mm; min: 1.4 mm). This finding corresponds with the results of Bergin et al., who reported a possible shortening of the distance between the ICA and RF, with a minimal value of 0.2 mm. 2 This should be kept in mind while performing adenoidectomy. During this procedure, the blade of the curette is pushed over toward the posterior nasopharyngeal wall. 19 The average distance between the ICA and the ET was 19.8 ±0.62 mm. Bergin et al. reported the mean distance to be 23.5 mm, Lien et al. found 23.1 ±3.1 mm for nonaberrant arteries and 19.6 ±2.8 mm for aberrant arteries, and for Deutsch et al., it amounted to 25 mm in children 12 years in age or 56 kg in weight. 2, 10, 12 The divergence probably occurs due to different measuring methods; the above-mentioned authors chose to determine the distance to the anterosuperior margin of the torus, located further from the ICA than our measuring point -the deepest part of the ET opening.
Age
We compared the mean values of the measurements in several age groups (Fig. 7) . The amount of data we had did not allow us to pursue a statistical analysis of the correlations between age and distance. Nevertheless, the mean minimal distance decreased from 13.8 mm in the 14-31 age group to only 9.5 mm in the 71-86 age group. The literature suggests that the ICA may be closer to the pharyngeal wall in older people. 11, 12 The prevalence of the ICA morphological variations increases with age, which can cause a decrease in the distance to the pharyngeal wall.
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Aberrations
It is assumed that the ICA, which is a transition zone between a vessel of the elastic type (CCA) and the muscular type (intracranial ICA), is particularly susceptible to metaplastic transformations, leading to aberrations. 5, 20 Such transformations reduce the distance between the artery and the pharyngeal wall. 2, 19, 21, 22 Pfeiffer and Ridder stated that the minimal distance between the aberrant vessels and the pharyngeal wall ranged from 0.8 to 17.9 mm (mean: 7.0 mm). 23 Kinking and coiling of the ICA did not shorten the mean distances from the ICA to the nasopharyngeal walls. 23 As the aberrations usually cause a medial curve of the ICA, it is advisable to be especially cautious while operating on patients with the specific features suggested by numerous studies as the risk factors for the presence of an aberrant ICA (Table 5) .
Further studies should provide accurate data on the correlation between the position of the ICA in the parapharyngeal space with the abovementioned characteristics. It would help to estimate whether it is recommendable to perform radiological examination prior to tonsillectomy in some cases. The most accurate techniques for this purpose are believed to be time-of-flight magnetic resonance (MR) angiography or multiple detector computed tomography (MDCT). 7, 22 However, CT and MR angiographies,and the much cheaper Doppler ultrasonography (USG) were also used to define the position of the neck vessels. groups of patients divided by age (n -the number of the measured arteries)
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ICA -extracranial internal carotid artery.
Conclusions
In women, the ICA tends to be closer to the pharyngeal wall on the right side of the oropharynx; however, its distance to the ET is the same on both sides.
The ICA is closer to the pharyngeal wall in women than in men only at the level of the ET.
The ICA is closer to the pharyngeal wall at the level of the epiglottis apex than at the level of the ET; therefore, any measurements at the ET level are not representative of the distance between the ICA and the tonsillar fossa.
Patients with the CCA bifurcation at the level of the epiglottis apex have a shorter ICA distance to the pharyngeal wall at this level. Men have the CCA bifurcation higher than women, so they are more prone to CCA incision during surgery.
